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Abstract— Engineering labs are an essential part in engineering
education, since they provide practical knowledge for students,
illustrate concepts and principles, and improve technical skills.
Remote labs allow devices, equipment, and instrumentations to
be shared with other universities. In addition, they relax time
and space constraints, and are capable of being adapted to the
pace of each student; in the case, there was insufficient time in
the laboratory. This paper describes an empirical study, which
embeds two stages of assessment. In the first stage, we are
concerned with finding out the level of flexibility when applying
the engineering remote lab VISIR as a contemporary remote
lab technology in the engineering faculty at Al-Quds University
in Jerusalem in Palestine, and whether the engineering students
will accept such technology to interact with in their future lab
courses or not. In the second stage of the assessment study, a more
in-depth comparative analysis will be carried out in order to have
a categorization of VISIR in the landscape of the engineering
labs, such as hands-on and simulations. The three lab approaches
will be compared with each other by means of an experimental
testing based on assessment criteria that are in accordance with
the fundamental course objectives of engineering instructional
labs: student’s retention rate and satisfaction survey, as well as
their performance.
Index Terms— VISIR, remote labs, survey instruments,
comparative evaluation, design criteria.
I. INTRODUCTION
ENGINEERING is mainly distinguished from otherbranches of science by its applied perspective. Engineers
transform bare knowledge into tangible useful technologies
devoted to the welfare of human kind. Engineering harnesses
the natural, fundamental and available resources for the
creation of thousands of new products, services and
machines. On the one hand, courses are responsible for
preparing the students with the adequate information they
need to design, improve, evaluate, develop, and create; on the
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other hand, labs give them the chance to practice, implement
and learn things that engineers are assumed to already know.
Labs supply students with better understanding of theories,
and many of them are connected to future employment.
Through the educational goals proposed by ABET, it is
evident that labs play a central role in illustrating concepts
and principles, providing the ability to design and investigate,
promoting social skills and improving technical skills.
ABET is a nonprofit, non-governmental organization that
accredits college and university programs in the disciplines
of applied science, computing, engineering, and engineering
technology [1]. Engineering students must have better
understanding of the instructed theory; therefore most courses
in engineering education require labs [2], [3].
Laboratory experiments make science come alive; they
represent the heart of engineering learning as they supply
students with better understanding of scientific theories. There
are three categories of laboratories: hands-on, simulators, and
remote labs. Hands-on labs are costly and put high demands
on space, instructor time, and infrastructure. Simulators are
imitators of real life experiments with low precision due to
mathematical approximation techniques applied by simulation
software, which might be a major obstacle for experiments
that need high accuracy.
Remote labs enable both sharing the devices with many
universities and they also relax time constraints, adapting
to the pace of each student in case there was insufficient
time in the laboratory. There are further advantages obtained
through introducing remote labs as a complementary asset to
traditional hands-on [4]. These include, for example, relaxing
geographical constraints, disregarding the physical locality
of the student, allowing the sharing of large fixed costs of
traditional buildings, improving quality of experiment, as it can
be repeated to clarify doubtful measurements in lab, improve
effectiveness by rehearsal, improve safety and security, as
there is no risk of catastrophic failure. However, they lack
hands-on troubleshooting and debugging experience, and lack
equipment setup experience. The boundaries among the three
categories are blurred in the sense that most labs are mediated
by computers, and that the psychology of presence may be as
important as technology [5].
In this paper, the remote lab system VISIR (Virtual Instru-
ment Systems in Reality) [6] was applied in the Engineering
Faculty at Al-Quds University in Jerusalem in Palestine.
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VISIR is a remote lab for designing, wiring and measuring
electronic circuits. The user has the ability to access the lab
remotely at any location by using the Internet and a Web-based
user-interface using any Web browser. The project was
launched at the end of 2006 by the Signal Processing Depart-
ment ASB at the Blekinge Institute of Technology (BTH)
in Sweden together with National Instruments in USA, as a
supplier of instruments, and Axiom EduTECH in Sweden. The
project was financially supported by BTH and the Swedish
Governmental Agency for Innovation Systems (VINNOVA).
It is well known that remote labs must be supportive and not
substitutive to on-campus labs. In other words, they must serve
as a complementary asset to traditional hands-on laboratories,
enabling students to access remote labs outside the ordinary
lab hours in order to enhance their learning concepts and
theory [5]. This contribution reports the experiences at
Al-Quds University in Jerusalem in Palestine with applying
VISIR, and represents the results of an evaluation of its design.
It shows whether VISIR fulfills this goal from the perspective
of the students enrolled in the Engineering Faculty at Al-Quds
University. It also exposes the advantages and disadvantages
achieved by using this remote lab. The assessment procedure
is organized as a two-stage assessment approach.
In the first stage the emphasis was placed on finding out
whether VISIR is appropriate as a complementary asset to
hands-on labs. In this stage, the questionnaire for the inter-
action between students and VISIR includes survey questions
with the goal of measuring the evaluation criteria: usefulness
and satisfaction, sense of reality/immersion and usability.
Therefore, it was necessary to choose a suitable experiment
to simplify the interaction between students and VISIR. The
RC filter experiment was chosen for many reasons. First of
all, an RC filter experiment is simple and does not need
many components to apply. Moreover, the main goal of the
experiment is to try the VISIR lab and not to try hard circuits.
Another reason is that students practiced the RC filter circuit
experiment before in the traditional labs, and they discussed
it and understood it deeply by means of their reports and
projects. Thus, when they apply it on the new system, they
can mention the difference and it is easy for them to compare,
leading to the fact that they can judge the system themselves,
and this is the main goal of our study. During the usability
testing, the students were asked to answer a survey; one part
must be answered after the hands-on and before the remote
lab experiment, while the other is answered after performing
the VISIR experiment.
In the second stage, which will be at the beginning of
the next academic year 2014/2015, a comparative assessment
with a group of more than 50 electronics and computer
engineering students will be carried out. A more complicated
electronic circuit, namely a common emitter amplifier circuit
for measuring either the lower or upper cutoff frequencies
is selected, since the goal of this evaluation is to find out
strengths and weaknesses of remote labs represented here
by VISIR compared with their traditional and simulation
equivalences. As the traditional and simulated labs serve as
references, it is possible to compare and analyze the statistical
results to be accomplished using one of the statistical testing
techniques available such as ANOVA and t-test [7]. Since the
number of subjects is more than 30 and we have two reference
systems, the choice will be for ANOVA as it is more suitable
for such kind of complicated evaluations. Afterwards, the raw
data of the comparative usability testing will be handled and
analyzed statistically using SPSS [8]. Through this compar-
ative evaluation, it is possible to find out in which criteria
VISIR is superior or inferior to the other two approaches. The
three approaches will be compared with each other by means
of an experimental testing, in which some selected assessment
criteria such as student’s retention rate and satisfaction survey,
as well as their performance are used.
II. HANDS-ON, VIRTUAL AND REMOTE LABS
Engineering is considered an applied science. Most
engineering curricula contain a minimum level of credit
hours assigned to lab experiments. Students need to perform
experiments in order to gain better understanding of theories,
to collaborate and interact efficiently with their colleagues
and to learn how to deal efficiently with equipment and
instruments, which will be of a vital role after their
graduation. Two characteristics differentiate hands-on labs
from the other types [9]. On the one hand, the real equipment
used in the lab is physically and locally connected, and on
the other, the students and the equipment must be present in
the same place of the lab; however, due to space and money
limitations, many engineering courses cannot be offered with
their practical part using the traditional labs. Consequently,
usage of virtual labs (simulation lab) and remote labs has
increased rapidly in engineering education.
A virtual lab is a software simulation, which is an imi-
tation of a real experiment represented by a mathematical
model. In other words, virtual labs imitate hands-on ones;
that is, instead of performing the experiment on actual equip-
ment, the tests and possibly even the data are simulated
on a computer [3]. Unfortunately, this weakens students’
reference to reality, and thus, they cannot later deal with
these components and instruments in real work. Furthermore,
most of such mathematical models lack accuracy, which
might be crucial for many experiments. Recently, e-learning
technologies have greatly changed the environment of labs.
By using text, pictures, illustrations, and multimedia, we can
build simulations of complex processes of biological and med-
ical sciences, agriculture, engineering and educational practice,
which are not easily accessible in real time and settings.
When a simulation replaces a real system, virtual labs typically
resort to simulation software such as MATLAB, LabVIEW or
other applications. Virtual labs enable the students to access
the engineering applications easily anytime and anywhere.
Examples of these engineering applications are simulations,
demonstrations, and exercises.
Remote labs highly benefit from contemporary e-learning
and Internet technologies. Recently, many academic institu-
tions provide a variety of remote lab experiments designated
as Web-based labs or online labs; these labs support remotely
controlled physical experiments [10]. A remote lab may be
defined as a lab accessed via a communication network in
order to execute a lab experiment; thus, it uses real devices
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Fig. 1. VISIR hardware platform at University of Deusto.
and equipment. The lab server communicates between the user
and the physical experiment in the lab [11]. This type of lab
is suitable for distance learning courses where students do not
need to be locally present on campus. The core of a remote
lab is the instruments that are controlled through a personal
computer. These instruments can be remotely configured by
software that makes it easy to share the expensive instruments
and equipment. A remote lab must be provided with an
interface to send commands and receive feedback from the
lab equipment. Many methods provide remote access to the lab
equipment; the most general method is to use a Web browser
such as Internet Explorer and Firefox. Usually, user access is
then regulated by a specific time schedule.
III. VISIR REMOTE LAB
The VISIR Open Lab Platform designed at the Department
of Electrical Engineering (AET), the Blekinge Institute of
Technology (BTH), Sweden, is an architecture for opening
existing types of hands-on labs for remote access with pre-
served context in order to, in the first place, supplement and
increase the accessibility and the capacity of them. A unique
interface gives the student a feeling of being in the hands-
on lab [12]. Some types of labs are easier to open for remote
access than others are. So far, the current VISIR platform (4.1)
supports labs for electrical experiments and for mechanical
vibration experiments.
Most instruments in an electronics lab have a remote
control option but the breadboard does not. To open a
workbench for remote access, a remotely controlled wiring
manipulator is required. A switching matrix equipped with
electro-mechanical relays can serve as such a device [13].
The switching matrix for remote wiring of electrical circuits
is shown in the upper side of the photograph (Fig. 1). It is
the card stack on the top of the PXI chassis that contains the
instruments.
The VISIR platform has been described in many
works [14]–[16]; but here we only want to remark the most
important parts of it:
Fig. 2. Practical session work flow using VISIR lab.
• Web Interface: It enables the user to perform the same
actions as if she/he was in a hands-on lab. Its powerful
interface developed in Adobe Flash represents realistic
front panels of the equipment used by the students to test
the circuits developed in the virtual breadboard.
• Measurement Server: It acts as a virtual instructor that
controls the commands passing from the web interface to
the equipment server to prevent hazard circuit designs and
protect the instruments. It is programmed by ‘max list’
files, which contain the maximum component values
and instruments adjustments for each experiment and
describes the circuits allowed in the platform.
• Equipment Server: The PXI platform is connected to the
relay switching matrix, and both are controlled by this
server written in LabVIEW. It receives the commands
from the measurement server over TCP/IP to be executed
on the real instruments. A ‘component list’ file is inserted
to the equipment server to define the components installed
on the matrix.
• The Switching Matrix: It is the matrix especially devel-
oped for this remote lab that performs the connections
between the components and instruments that the user
has carried out in the web interface.
Fig. 2 represents graphically the work flow at a VISIR
practical session: the web interface allows the student to create
the circuit in a virtual way through a web browser while
the measurement and equipment server are both in charge of
making this circuit real on the switching matrix and provide
the user with the measurements obtained from the previously
created circuit.
IV. EXPERIENCES WITH APPLYING VISIR
A. Applying VISIR at Al-Quds University
VISIR has been used in the Faculty of Engineering of
the University of Deusto since 2007 in different Engineering
178 IEEE REVISTA IBEROAMERICANA DE TECNOLOGIAS DEL APRENDIZAJE, VOL. 10, NO. 3, AUGUST 2015
specialization areas: Telecommunication, Computer Science,
Industrial Technologies and Electronics. The subjects related
with VISIR at this moment are: Digital Electronics, Computer
Technology, Analog Electronics, Circuits and Physics [17].
A major goal achieved by applying VISIR at Al-Quds
University is not only using it in future experiments as a
complementary asset to traditional hands-on labs, but also
some kind of academic collaboration between international
universities will be established, for example, through sharing
devices, equipment and instrumentations.
After having contacted the VISIR group at ISEP in Porto
in Portugal and obtaining their acceptance for accessing and
testing VISIR using their VISIR lab, it was necessary to decide
the circuits that would be used by the students during that
semester. As previously argued, we decided for an RC filter
experiment because the main goal of the experiment is to
try the VISIR lab and not hard circuits. For preparing the
virtual session for the remote experimentation, the following
deployment steps were necessary:
1. The instructor had to explain to the students how to use
VISIR. Thus, it was necessary to allow the instructor
to access one of the experiments that were previously
prepared and configured. In addition, assistance via
one of the contemporary voice-over-IP services such as
Skype was possible.
2. An important aspect about the use of VISIR, from
a teacher’s perspective, is to understand the sort of
experiments one can do. For this, it is important to know
which components are available in the matrix as shown
in Fig. 2. For this purpose, VISIR’s developer prepared
a simple function that allows the downloading of the
components list and the file indicating which maximal
number of components is allowed.
3. Instructors had to make themselves familiar with the
system by reading the teachers’ manual and the VISIR
matrix manual.
4. VISIR’s administrator prepared a virtual course, which
was in our case entitled “Collaboration_ALQuds.”
An instructor had to be added to this course. Once she/he
activated her/his account, she/he got the permission to
add students to this course. The number of the students
had to be set by the VISIR administrator.
5. After completing the previous steps and logging into
the system, we were able to see an experiment window
entitled “RC filter” consisting of a virtual breadboard
and 5 components on the top bar (4 resistors and
1 capacitor). With these electronic elements, equipment
and instrumentations, it was possible to do simple exper-
iments with low-pass and high-pass filters using the
preconfigured elements.
In brief, although VISIR is far from Al-Quds University,
it was easy through email exchange to coordinate for carrying
out the required tasks to prepare the remotely located circuit
experiment with simple steps.
B. Evaluating VISIR
1) Introduction: As shown in the previous section,
one major objective of this study is to show the degree of
flexibility when applying VISIR in the engineering faculty at
Al-Quds University. Moreover, it is also aimed at revealing
through a usability testing, mainly based on user question-
naires, whether the engineering students at Al-Quds University
will accept such technology to interact with in their future lab
courses or not, and what are the advantages and disadvantages
of using VISIR from the perspective of the students. To this
end, it will be possible to decide to use VISIR in future exper-
iments at Al-Quds University. An obvious way to achieve such
a goal is to experiment VISIR via a subjective evaluation [18].
One possible approach to achieve this goal is using survey
instruments [18] that represent a familiar, inexpensive and
generally acceptable evaluation method. Evaluation of new
practical educational systems depends on student surveys to
measure the achievement of the required practical skills of the
students who have already tried the experience with traditional
labs. In a further step, it is of great significance to categorize
VISIR in the laboratory landscape by comparing it with other
kinds of lab approaches such as hands-on and simulations.
One way this can be accomplished is applying a comparative
evaluation based on a statistical analysis, aimed at revealing
and comparing the characteristics and abilities of VISIR and
the other approaches.
In the literature, there are many sources that can be used
to establish the questionnaire of this study, for example,
questionnaire of user interaction satisfaction (QUIS) [19],
software usability measurement inventory (SUMI) [20],
measuring usability of multimedia systems (MUMMS) [21],
computer system usability questionnaire (CSUQ) [22], and
questionnaires that deal with human-computer interaction [23].
2) Stage One (A Usability Testing Based on Survey
Instruments): Irrespective of the evaluation techniques men-
tioned above, the survey questions of this study were mostly
established using the survey of Tawfik et al. [17] since it was
previously used to evaluate the same remote lab and, thus, it
was proven for its appropriateness for this testing.
A survey questionnaire of closed-ended questions was
implemented and the raw data was collected in order to
investigate student perceptions of their experiences with
hands-on and VISIR as a representative of remote labs for
this case study. Closed-ended questions are questions in
which all-possible answers are ordered in a five degrees
scale (Likert scale); the respondent is asked to choose one
of the answers (Strong disagreement, Disagreement, Neutral,
Agreement, Strong Agreement). According to Reja et al. [24],
closed-ended questions have several advantages: they are
generally more straightforward and offer choices for
respondents, they guide respondents to specific information
needed, they permit to ask more questions in less time, and
the data (answers) are easy to tabulate and analyze.
This kind of evaluation can be considered as scenario-based
usability engineering consisting of user-interaction scenarios.
According to Rosson and Carroll [25], a user-interaction
scenario is a story about people and their activities and helps
designers respond to current needs while also anticipating
new needs. They offer insight into meaning situations, but
at the same time do not imply that things will stay the
same. They describe systems in terms of the goals that people
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Fig. 3. The virtually connected RC filter circuit on the virtual breadboard of the VISIR remote lab.
will be pursuing as they use the system. In short, scenarios
focus designers on the needs and concerns of people in the
real world. Scenario-based methods both for designing and
analyzing are not only beneficial for describing people using
technology in order to reshape their activities, but might be
of great significance before a system is built and its impacts
felt, [26], [27].
A total of 71 engineering students (34 females and 37 males)
from the Computer Engineering Department at Al-Quds
University were involved in answering the survey questions
of the first evaluation stage. These students were enrolled in
the course “Instrumentations and Control Systems” and had
a strong background in analog circuit principles as well as a
keen intuition about their applications and implementations.
The lab experiment used is an RC filter circuit and for carrying
it out, electrical components in addition to instruments such
as oscilloscopes, function generators etc. are needed.
During the RC filter experiment, which represents the for-
merly discussed usability testing session, the usability engineer
explains to the subjects (the students) all operations related
to using VISIR in a very simple and clear manner. As it is
obvious, the RC circuit is a simple one and it was chosen in
order to simplify the interaction between students and VISIR.
There are also of other reasons, for example, an RC filter
experiment is simple and does not need many components
to apply. The goal of the study is to try VISIR and not to
try hard circuits. All of the subjects, the students, had the
experience with RC filter circuits. Accordingly, they were
able to distinguish and compare between the two different
interaction approaches and then judge the system. One major
graphic component on the client Web-based user-interface of
the VISIR remote lab is the virtual breadboard, through which
the students can connect the remote physical components
and equipment with each other for obtaining the desired
experimentation circuit. Fig. 3 shows the virtually connected
RC filter circuit on the virtual breadboard of VISIR. While
Table I includes the measured and calculated gain values and
TABLE I
MEASURED AND CALCULATED VALUES OF THE RC FILTER
ACHIEVED BY ONE OF THE SUBJECTS
the resulted errors achieved by one of the subjects, in Fig. 4,
snapshots of the displayed VISIR oscilloscopes are presented.
They show input and output sine signal graphs of the RC filter
circuit with different frequencies. It is to note that the gain
error is due to the tolerances of the equipment in Porto.
It is undeniable that remote labs must be supportive and
not substitutive to on-campus labs. In other words, they must
serve as a complementary asset to traditional hands-on labs,
enabling students to access remote labs outside the ordinary
lab hours in order to enhance their learning concept and
theory [5]. Therefore, the used survey questionnaire consists
of a group of questions (Q1-Q3) for gaining an imagination
about the students’ opinion about difficulties they face in
traditional labs. Such difficulties are caused by attending
practical sessions in campus-based labs at a fixed time during
the academic year, which restricts access to lab resources at
normal working hours, leading to the fact that an increased
number of students must work on the same experiment as a
result of shortages of lab equipment and instruments due to
budgetary limitations [5].
Table II includes the survey questions categorized with
“before” to evaluate the satisfaction of the students regarding
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Fig. 4. Snapshots of the displayed VISIR oscilloscope achieved by one of
the students having carried out the RC filter circuit experiment.
how much they are satisfied with the traditional lab equipment
and management (Q1-Q3). Another criterion to evaluate the
interaction with VISIR is to measure the sense of reality/
immersion, which serves as examination of the reality/
immersion strength of real world and virtual world in the man-
ufactured environment [28]. Its measurement value exposes
that the students are immersed in their activity of carrying
out experiments through the VISIR remote lab. Moreover, the
questionnaire includes survey questions (Q4-Q17) to measure
these evaluation criteria: “usefulness and satisfaction”, “sense
of reality/immersion” and “usability”. These questions that
will be answered after the session are classified as “after”.
With these questions, it is possible to reveal how much VISIR
is user-friendly and easy to use. Moreover, we can measure
the students’ satisfaction about VISIR’s ability to function
correctly and to give the expected results because of the fact
that the students were already experienced with the RC circuit
experiment through the traditional lab, as well as how much
they find VISIR useful to complement hands-on sessions and
the collaborative working between them.
At the beginning of the experiment, the usability engineers
gave the students the username and password for allowing
them to access VISIR through the Web-based user-interface.
As mentioned, the subjects (the students) had to answer
two surveys, one before and another after the experiment.
After the experiment sessions, the raw data were collected
and statistically analyzed. In the following, some of the results
of the survey questionnaire, which are represented in Fig. 5,
are discussed. From Fig. 5, it is obvious that the students’
satisfaction about attending practical sessions in the traditional
labs at a fixed time during the academic semesters is low since
this restricts access to lab resources at normal working hours
TABLE II
SURVEY QUESTIONS OF THE EVALUATION
Fig. 5. Survey results of the survey questions.
and leads to the fact that an increased number of students must
work on the same experiment.
Most of the survey questions about VISIR have a high mean
compared to the ones concerned with the traditional labs.
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Fig. 6. Evaluation results of the evaluation criteria.
As it can be seen from Table II, three survey questions,
namely, Q4: “Using VISIR is easy and convenient”,
Q6: “While using VISIR, I was motivated to continue carrying
out the experiment”, and Q8: “Moving between the breadboard
page and other equipment and instrumentations pages does not
hinder my attention” have values greater than 4, reflecting
that the user-interface is user-oriented and adapted to the
students’ needs in the engineering and scientific lab. Another
interesting result to be highlighted is the preference of having
the breadboard on a separate page and the other components on
another which obtained a value close to four. Distributing the
virtual components on several pages is the preferred version
for the students and a plausible interpretation for this is that
students do not prefer to have many different presentations
and information on one page because it is confusing for them.
The survey question Q5 exposes that during an experiment
session, there was no necessity for the instructor’s help, which
means that the system design and its functional structure are
designed in such a way that the user will be supported in a
correct manner through VISIR. In all, the criterion “Usability”
obtained a relatively high value compared with other criterion
as depicted in Fig. 6, in which the results of the various
evaluation criteria “satisfaction of hands-on”, “usefulness and
satisfaction”, “sense of reality/immersion” and “usability” are
compared graphically.
It is clear that the survey question Q13 about adding
some modifications such as a Webcam has a relatively high
variance value, which shows that the students have different
opinions. As an example, one of the students argued that
it is necessary to have access to real devices, for example,
through a live webcam because they would feel like they were
doing real experiments and led to a deeper engagement with
the task. Callaghan et al. [29] point out that this is of great
Fig. 7. A common emitter amplifier circuit.
significance as it would allow the students to move seamlessly
from virtual representations of test equipment in a remote
lab environment to actual test equipment in a real lab and
to be capable of using this equipment competently as a direct
result of their online experiences. The criterion “Usefulness
and satisfaction” achieved a relatively high value, this meaning
that the students find VISIR useful and satisfy their experimen-
tation needs. The students would also like to extend VISIR
into a collaborative working environment. A collaborative lab
is an open lab spanning multiple geographical areas where
collaborators interact via electronic means for encouraging
closer relationships between students in an implemented lab’s
experiment remotely [30].
3) Stage Two (A Comparative Assessment): In the second
stage, which will be at the beginning of the next academic
year 2014/2015, a comparative assessment with a group of
more than 50 engineering students from the two departments,
Electronics and Computer Engineering, will be carried out.
A more complicated electronic circuit, particularly, a common
emitter amplifier circuit for measuring either the lower or the
upper cutoff frequencies is selected because of the fact that, in
this stage, the goal of this assessment is to find out strengths
and weaknesses of remote labs represented here by VISIR in
comparison with its traditional and simulation equivalences.
That is, a categorization of VISIR in the laboratory landscape
will give us an imagination of its location in this space. While
Fig. 7 shows the circuit of the common emitter amplifier to be
used in the planned evaluation, Fig. 8 presents its experimental
realization on the virtual breadboard of VISIR.
In the comparative evaluation, the remote lab approaches
serve as independent variables, whereas the evaluation criteria
serve as dependent variables. It will be possible to measure
the differences between the different types of labs according
to what extent the fundamental course objectives of engineer-
ing instructional labs [31], [32]: student’s retention rate and
satisfaction survey, as well as their performance are fulfilled.
The statistical outcome should be analyzed and reviewed by
the system designers and developers in such a way that the
results will help in revising and optimizing the design of the
interactive software system on the one hand; on the other hand,
the system designers could have defined new or corrected
existing design guidelines for future remote labs. As a useful
means for comparing mean values of two sets of numbers,
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Fig. 8. A virtual presenataion of the common emmitter amplifier circuit on the virtual breadboard of VISIR.
system evaluators have the opportunity to select between either
the Student’s test (t-test) or one-way ANOVA [7], through
which a comparison can be carried out, providing us with a
statistic for evaluation exposing the statistical significance of
the difference between two means. During a usability testing
session, the experiment coordinator explains to the students all
operations related to the experiment, VISIR and the simulated
experiment, for example using PSpice, which is a software
program for simulating analog and digital circuits.
In a comparative evaluation, a dependent variable is a
factor determined by another variable called the independent
variable. In other words, the independent variable causes an
apparent change in, or simply affects, the dependent variable.
In analysis, researchers usually want to explain why the
dependent variable has a given value. As mentioned, the
values of a dependent variable in different settings are usually
compared; whereas an independent variable is presumed to
affect or determine a dependent variable. Usability engineers
or system evaluators control/change the independent variable,
which causes the dependent variable to change as a result
since independent variables act as catalysts for dependent
variables. That is, the independent variable is the “presumed
cause” while dependent variable is the “presumed effect” of
the independent variable [33].
For comparing the different labs correctly, it is of great
importance to define the appropriate assessment criteria,
through which differences between the three labs approaches:
traditional, remote and simulated labs can be extracted. For
a successful assessment of laboratory course objectives, we
will focus on three major components. These are student’s
retention rate and satisfaction survey, as well as their
performance. These assessment criteria will be measured for
three practical sessions with different students, instructors
Fig. 9. Teaching methods and retention rates [34].
and technicians conducting the same experiment using the
hands-on, simulation and the remote VISIR approaches.
Furthermore, another group will be asked to perform the
same experiment using the three methods. Accordingly, a
comparative study will be performed to compare the retention
rate, students’ performance and their satisfactions. The three
assessment methodologies are:
• Retention Rate: In engineering labs, students are
essentially expected to work in groups, “practice by
doing” and “teach others”. We should recall that the
various methods of teaching include Lecture, Reading,
Audio-Visual, Demonstration, Discussion Group,
Practice by Doing, and Teach Others/Immediate Use. The
retention rates that correspond to each teaching have been
demonstrated by Singhal et al. [34] and depicted in Fig. 9.
It is clear from the figure that the “Lecture” as a teaching
method is the least effective one from the retention
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viewpoint. The “Practice by Doing” teaching method has
a 75% retention rate; whereas, “Teach Others/Immediate
use” has a 90% retention rate. We believe as instructors
that the “Practice by Doing” component will be
completed by the build-and-test phase of the teaching
process, otherwise, the teaching method and the
educational impact will be less effective. Furthermore,
by allowing the students to work in groups, we enable
students to experience the work in teams and practice the
“Teach Others” element that has the highest retention rate.
• Satisfaction Survey: A survey-like questionnaire will
be developed to measure the students’, instructors’
and technicians’ satisfactions for the three models of
covering the experiment.
• Student’s Performance: For the student’s performance,
we have to assess the thirteen fundamental objectives
of engineering instructional laboratories [32]. These
essential objectives should be provided and accordingly
used as a measure to assess the students’ competencies
and performance with respect to the experiment they will
conduct. These objectives can be categorized into three
types. The first type that deals with cognitive aspects
such as Instrumentation, Models, Experiment, Data
Analysis and Design. The second category involves the
psychomotor that targets the ability to actually manipulate
apparatus and the Sensory Awareness, Learn from Failure,
Creativity, Psychomotor, Safety, Communication,
Teamwork, Ethics in the Laboratory and Sensory
Awareness. The last two-fold category includes cognitive
and emotional behaviour and attitudes fields. These
objectives include learn from failure, creativity, safety,
communication, teamwork, and ethics in the laboratory.
V. CONCLUSIONS
Simulators are tools that students, especially in engineering,
use to learn theories taught in courses. However, physical
experiments are indispensable to explore strengths and
limitations of these theories as models of phenomena of nature
and to get an accurate understanding of what is happening in
real life. A metaphor of experimenting is an interview with
nature. The experimentalist asks a question, for example,
what is the sum of the currents into a tie point of an electric
circuit and nature answers. The delicate task is formulating
useful questions but above all it is interpreting the answers.
Students must perform many experiments and must become
familiar with the equipment in the lab in order to be fluent in
the “language of nature”. ABET has formulated fundamental
learning objectives of engineering instructional labs including
both limitations of theories and appropriate experimental
approaches as well as data interpretation. However, the
hands-on lab sessions offered at most universities are too few
to allow the students to achieve the objectives.
Today it is possible to open labs for remote access
24 hours a day/7 days a week using a web browser only.
VISIR remote labs for electrical experiments that support
the ABET objectives supplement university hands-on labs
where students perform experiments using breadboards. For
more than five years, many students at several universities
globally are using such VISIR labs located at a number of
universities in Europe. The experiences of applying VISIR in
the Engineering Faculty at Al-Quds University in Jerusalem
in Palestine include a survey where 71 engineering students
have answered a questionnaire comprising 17 closed-ended
questions. The first stage of the evaluation accomplished by a
survey instrument was concerned with measuring the students’
acceptance, satisfaction etc. of introducing such technology
at the engineering faculty; it shows that the students find
VISIR useful and it satisfies their experimentation needs.
In the second stage of our evaluation study, a more in-depth
comparative analysis will be done at the beginning of the next
academic year 2014/2015 in order to have a classification
of VISIR in the landscape of other kinds of engineering
laboratories such as traditional hands-on and simulations, for
example, PSpice. This classification is in accordance with
the fundamental course objectives of engineering instructional
labs: student’s retention rate and satisfaction survey, as well
as their performance.
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